In an attempt to constrain the astrophysical conditions for the nucleosynthesis of the classical r-process elements beyond Fe, we have performed large-scale dynamical network calculations within the model of an adiabatically expanding highentropy wind (HEW) of type II supernovae (SN II). A superposition of several entropy-components (S) with model-inherent weightings results in an excellent reproduction of the overall Solar-System (SS) isotopic r-process residuals (N r,⊙ ), as well as the more recent observations of elemental abundances of metal-poor, r-process-rich halo-stars in the early Galaxy. For the heavy r-process elements beyond Sn, our HEW model predicts a robust abundance pattern up to the Th, U r-chronometer region. For the lighter neutron-capture region, an S-dependent superposition of (i) a normal α-component directly producing stable nuclei, including s-only isotopes, and (ii) a component from a neutron-rich α-freezeout followed by the rapid recapture of β -delayed neutrons (β dn) emitted from the far-unstable seed nuclei is indicated. In agreement with several recent halostar observations in the 60<A<110 region, our HEW model confirms a Z-dependent non-correlation, respectively partial correlation with the heavier "main" r-process elements.
THE HEW MODEL OF SN II
The idea of the high-entropy wind (HEW) is based on the newly born proto-neutron star in core-collapse supernovae (SN). In this scenario, the late neutrinos interact with matter of the outermost neutron-star layers leading to moderately neutron-rich ejecta with high entropies (see, e.g. [1, 2, 3, 4, 5, 6, 7, 8] . In the present -still parameterized -calculations, we follow the description of adiabatically expanding homogeneous mass zones as already utilized in Freiburghaus et al. [4] . The nucleosynthesis calculations until charged-particle freezeout were performed with the latest Basel code (but not including neutrino-nucleon/nucleus interactions) [9] , and the reaction rates were calculated by means of the statisticalmodel program NON-SMOKER [10] . The r-process calculations made use of an extended version of the network code described in [4] , which now contains an updated experimental and theoretical nuclear-physics input on masses and β -decay properties, as e.g. outlined in [11] and used in our earlier studies within the siteindependent "waiting-point" approximation [12, 13] . After the charged-particle freezeout, the expanding and eventually ejected mass zones have different initial entropies (S ∼ T 3 /ρ [k b /Baryon]), so that the overall explosion represents a superposition of entropies. In this scenario, S is a measure of the ratio of matter locked into α-particles and heavy "seed" nuclei. Similarly, the ratio of free neutrons to "seed" nuclei (Y n /Y seed ) is a function of S and permits for high S rapid neutron captures which can form the heaviest r-process nuclei. Furthermore, the ratio Y n /Y seed is correlated to the three main parameters of our HEW model -the electron abundance (Y e = (Z/A), in the range 0.40 -0.49), the entropy S (in the range 1<S<350) and the expansion velocity (V exp , in the range 4500 -50,000 [km/s], which determines the process durations τ α and τ r ) -by the simple expression Y n /Y seed = const. V exp (S/Y e ) 3 , which we denote the "rprocess strength function" [14] . In the following, out of the rather large parameter space [14] , we present selected nucleosynthesis results as a function of S (or Y n /Y seed ) for the choice of Y e = 0.45 and V exp = 7500, and compare our HEW model predictions to recent astronomical observations.
of α-particles, heavy "seed" nuclei and free neutrons as function of entropy S at the freezeout of charged-particle reactions at T 9 ≃ 3 (from [14] ).
HEW RESULTS AND DISCUSSION
While for the classical r-process approach a range of neutron densities (10 20 <n n <10 28 ) is necessary to reproduce the mass regions at A=80, 130 and 195 [11, 12, 13] , within the HEW model at a given Y e and V exp the Y n /Y seed ratio will play this role. Fig. 1 shows the abundances of α-particles, heavy "seed" nuclei and free neutrons as function of entropy S at the freezeout of the charged-particle reactions. Over the whole entropy range displayed in this figure, most of the matter is locked into α-particles . In contrast to the rather smooth trend of Y α as function of S, the abundance distributions of Y seed and Y n are strongly varying with S. From their slopes it becomes immediately evident that our HEW model predicts -at least -two different nucleosynthesis components. For the low-S region (1≤S≤110) the amount of free neutrons is negligible; hence, the nucleosynthesis in this region is definitely not a classical r-like process but rather a charged-particle (α-) process with final abundances determined by α-rather than neutron-separation energies. As a function of time the high entropy wind will eject matter with possibly varying S, Y e and expansion time scales (V exp ). If one assumes that the amount of ejected material per equidistant entropy interval is constant, the sum of the abundance contributionsobtained for varying Y n /Y seed as a function of entropy S -leads to the results displayed in Fig. 2 . Such a weighting of the S-components (somewhat different from Freiburghaus et al. [4] , who used, for example, the nuclear-physics input of the late 1990's) replaces the algebraic expressions of the weights as a function of neutron density in our classical r-process calculations within the waiting-point approximation [12, 13] . The possibility of a multiplicity of nucleosynthetic pro-FIGURE 2. Comparison of predicted elemental abundances from superpositions of equidistant S-components in the ranges 10<S<300 (straight line with triangles) and 140<S<300 (broken line with squares) with the respective elemental SS rprocess "residuals" from [17] (broken line with circles). For further details and discussion, see text.
cesses leading to the solar-system r-process abundances (N r,⊙ ) has already been discussed earlier. In their phenomenological LEGO model, Qian and Wasserburg [15] also propose an independent charged-particle process, whereas Travaglio et al. [16] discuss the possibility of an additional LEPP (light element primary process) neutron-capture component. We will come back to this point later and discuss the difference between our HEW model results and the above phenomenological approaches. For higher entropies, the HEW model predicts smoothly increasing Y n /Y seed ratios, resulting for the region 110≤S≤150 in a neutron-capture component which resembles the classical "weak" r-process forming r-isotopes up to the rising wing of the A≃130 N r,⊙ peak. For even higher entropies (150<S<300; now with 13<Y n /Y seed <155), enough free neutrons are available to run the classical "main" r-process.
In Ref. [14] , we had already shown the HEW-model result of such a superposition of S-components for isotopic abundances to reproduce the N r,⊙ "main" r-process component. When scaled to the SS r-residual of 130 Te, located at the top of the A≃130 r-peak, a remarkable agreement with the overall N r,⊙ pattern was observed, validating our above assumption on the high-S ejecta of HEW material. In Fig. 2 we now show the result of two such superpositions of equidistant S-components in the ranges 10<S<300 and 140<S<300 for elemental abundances in comparison with the respective SS r-process "residuals" [17, 18, 16] .
When scaled to the elemental abundance of Te (Z=52), again good agreement with the overall pattern of the SS r-abundances is obtained for the elements beyond In (Z=49) at the rising wing of the 2 nd N r,⊙ peak. Also the Pb spike, mainly originating from the β -and α-back-decays of isotopes in the Th, U region [12] , is well reproduced. However, for the full entropy range (10<S<300) our HEW model predicts quite pronounced "overabundances" relative to the SS r-processŞresidu-alsŤ in the range Sr (Z=38) to Ag (Z=47). Similar effects have already been observed in the earlier HEW-model versions of [1, 2, 4] , where they have been interpreted as possible "local model deficiencies". However, the recent observations in the two halo stars HD 122563 and HD 88609 by Honda et al. [19] cleary show significant overabundances relative to the SS r-residuals in this region, indicating that our HEW-model predictions may well be present in certain supernovae. The SS r-abundances are a superposition of entropies in individual supernovae (whose features can be noted in specific low metalicity stars) as well as a superposition of the conditions in all supernovae contributing to the present N r,⊙ pattern.
Thus, the first possible explanation that comes into ones mind, why these predicted overabundances are not observed in all metal-poor halo stars and in particular not in the N r,⊙ distribution is the assumption that the lowest-S, inner mass zones of the high-entropy bubble with the highest matter densities may not have been ejected but fallen back to the nascent neutron star. In order to check this possibility, we have successively "cut out" different low-S ranges in our HEW-model calculations. As can already be seen from Fig. 1 , the low-S ranges (S<110) would correspond to nucleosynthesis components of the charged-particle (α-) process, and would not affect the higher-S r-process components. As an example of this specific parameter study, we show in Fig. 2 also the result of a superposition of equidistant S-components in the range 140<S<300. And, indeed, under these S-conditions the overabundances in the Sr to Ag region are reduced and approach the N r,⊙ values. If this interpretation would be correct, the different light element-abundance yields in different halo stars (see, Fig. 3 , in which the abundance ratios of CS31082-001, BD+17 o 3248, HD126238 and HD122563 are shown relative to CS22892-052) would indicate the "fallback or non-ejection" of the inner mass zones with varying low-S ranges.
However, when having a closer look into the abundance behavior of specific lighter elements, in particular Sr (Z=38), Y (Z=39) and Zr (Z=40), it becomes evident that the above "fallback or non-ejection" assumption of complete S-ranges might be too simple. Within the given observational uncertainties, the abundance patterns of Sr, Y and Zr are very similar or even identical in the halo stars shown in Fig. 3 Within the HEW model, a consistent picture for all three abundance ratios can only be obtained when considering the production of Sr, Y and Zr in the full low-S range 10<S<200. When cutting, for example, the lowest-S range (10<S<50) completely, the above abundance ratios have already dropped to values of 3.6, 0.3 and 0.08, which definitely can be excluded by the observations. These results indicate that -within our HEW model -no specific S-ranges (corresponding to specific nucleosynthesis components) are lost completely from the ejecta through "fallback" on the neutron star. The different amounts of the lighter elements observed in different halo stars (ranging up to a factor of about 25 between CS22892-052 and HD122563, as shown e.g. in Fig.  3 ) indicate that only varying fractions of the material over the whole low-S range have been lost, presumably with a gradual depletion from the innermost to the outer mass zones. Another aspect that has to be considered in this context is related to the question which element (or element group) is produced in which S-range. A preliminary answer for the Fe to Ag region, representative at least for the present parameter choices of Y e and V exp , can be obtained from Table 1 , which will be discussed in more detail later together with the results for other selected elements shown in Fig. 3 . However, already from the present results we can conclude that the historical r-process "residuals" in the mass region of the "weak" r-process [17, 18, 16] are neither of pure neutron-capture origin, nor do they represent a "robust" nucleosynthesis pattern -as is obviously true for the "main" r-process. They might in fact represent a variety of conditions with varying S, Y e and V exp due to neutrino interactions in the HEW in different supernovae as a function of time after the formation of the proto-neutron star. Thus, the historical "weak" r-process "residuals" are rather a mixture of SN ejecta of the lighter heavy-element abundances, with varying amounts of charged-particle and neutron-capture nucleosynthesis processes. If further substantiated, this conclusion would -for different reasons -not fully support the earlier phenomenological ideas of the LEGO and LEPP models [15, 16] .
Recent spectroscopic data on Ge and Sr, Y, Zr in metal-poor stars (see, e.g. [24, 16] ) have shown that the abundances of these elements are not tightly correlated with Eu, an almost pure r-process element, indicating a nucleosynthetic origin different from that of the heavier neutron-capture elements. This conclusion is confirmed by our HEW model calculations. As discussed above, first semi-quantitative information comes from the abundance behavior of Sr, Y and Zr as function of S, which shows that all three elements have been formed in an α-rich freezeout without subsequent neutron capture, but Zr under (slightly) different S-conditions than its lighter Z-neighbors. In order to obtain a more quantitative insight into the possible production modes of the lighter (LEPP) elements, we list in Table 1 the relative abundances of selected elements between Fe and Ag for different S-ranges, which are correlated with different nucleosynthesis modes. In the lowest S-range (1<S<50), we have a "normal" α-rich freezeout mainly producing stable or close to stable isotopes of elements in the region Fe to Sr. It is interesting to note here, that for the present choice of Y e =0.45, under these S-conditions also classical "s-only" isotopes are produced up to 94, 96 Mo. When increasing Y e to 0.49, which may be more realistic for a charged-particle process in the HEW bubble, our model even produces light p-nuclei up to 106 Cd. This α-mode of producing proton-rich nuclei without considering neutrino-reactions competes with their production in the recently postulated νp-process [25, 26] and might indicate a variation in Y e from the early to the late HEW conditions. As can be seen from Fig. 1 , also in the next higher S-range (50<S<110) there are not yet enough free neutrons available to start a real neutron-capture process. However, under these S-conditions at freezeout the seed composition is already shifted to the neutron-rich side of β -stability, including even well-known β -delayed neutron (β dn) precursor isotopes in the 80<A<100 mass region, such as 80 Zn, 88 Se, 87,89,91 Br, 93, 95 Rb and 101 Y [27] . The density of these delayed neutrons is low, but it is higher than the density of free neutrons. One can identify the effect of the β dn-recapture during the back-decay to the stability line from the final isotopic abundances of the elements between Sr and Rh, which have sizeable production fractions within this S-range (see column 2 of Table 1 ). Therefore, following the ideas of Travaglio et al. [16] , one might characterize this 50<S<110 nucleosynthesis component as a rapid, very-weak s-like LEPP mode. However, since the initial production mode still is a charged-particle process, one can expect that also the elements mainly formed within this S-range should not be tightly correlated with Eu (see Table 1 and abundance distributions as function of S of the elements Zr (Z=40) to Mo (Z=42) in Fig. 4) .
Summarizing this part, we now can use the spectroscopic observations in comparison with our HEW model results as useful diagnostics of the types of nucleosynthesis processes forming the light elements in this mass region and the degree of correlation among the different processes. Taking Zr as an example, we find that our rprocess prediction ("weak" and "main" components) accounts for roughly (10±5)% of the total SS Zr abundance [28] , in reasonable agreement with the r-"residual" estimates of (18±8)% by Käppeler et al. [17] and (16±6)% by Arlandini et al. [18] . These numbers would require a quite large weak s-process contribution in the range 74 -95% for Zr. On the other hand, the above HEW r-process Zr abundance of about 10% would be in disagreement with the more recent (N ⊙ -N s,⊙ ) "revised estimate" of 33% r-process contribution by Travaglio et al. [16] . When adding to the HEW r-process fraction the complete Zr abundance from the neutron-rich α-freezeout plus β dn-recapture component (50<S<110), our model predicts already roughly 66% of the total SS Zr abundance to be not of classical weak s-process origin. And, when taking the whole low-S range (1<S<110), the nons contribution even rises up to 78% of the SS Zr value 
as function of entropy S (k B /Baryon). It is seen that the two lighter elements Zn (Z=30) and Zr (Z=40) are mainly produced in the low-S charged-particle process, whereas from I (Z=53) on upwards, the heavy elements are formed in the "main" r-process. Mo (Z=42) is an intermediate example, about two thirds produced in the neutron-rich α-freezeout component and one third in the "weak" r-process. For further discussion, see text. [28] . When taking these numbers seriously, this means that the estimated weak s-process abundance "residual" of Zr lies between about 20% and 90%, which documents the present highly unsatisfactory situation in this mass region. A first step towards solving this problem could come from more and better spectroscopic abundance data of LEPP elements in metal-poor halo stars, which might show either one or two components in the display of [X/Fe] versus [X/Eu]. According to the HEW model, we would for example predict that roughly 90% of the Zr (Z=40) yield should be uncorrelated with the rprocess element Eu (similar to the observed trend for Ge in [24] , and about 10% might vary with Eu. For neighboring Mo (Z=42), already about 35% of its HEW yield should be correlated with Eu, and roughly 65% should be uncorrelated.
In the next higher S-range (110<S<150) of the HEW model, the density of free neutrons (1<Y n /Y seed <10) becomes high enough to start a "weak" r-process up to the rising wing of the A≃130 N r,⊙ peak, but not including significant production of 129 I/Xe. As shown in the 3 rd column of Table 1 , in this S-range sizeable fractions of the elements Ru to Ag are produced. The HEW neutroncapture synthesis of these elements may, therefore, be already more closely, but not yet strictly correlated with the production of "main" r-process elements, such as Ba or Eu. Finally, for high entropies (150<S<300) the HEW model predicts a very robust "main" r-process, starting with the N=82 r-process progenitor isotopes of Tc to Rh at the onset of the rising wing of the A≃130 peak and reaching up to the Th, U actinide region. Similar to Fig. 3 in [12] for the classical "waiting-point" approach, where selected r-process abundance predictions as a function of individual neutron number densities are displayed, we show in Fig. 4 , the HEW abundance distributions of representative elements as function of entropy. In very good agreement with our earlier results, we find that Ba (Z=56), located just beyond the Te (Z=52) -Xe (Z=54) N r,⊙ peak, cannot be produced in full solar r-proportions (as observed in many metal-poor r-process-rich halo giants) without simultaneous production of a substantial fraction of 129 I/Xe. We want to point out again, that the clear nuclear-structure reason lies in the N=82 shell closure which is accepted since 50 years (since B 2 FH [29] ) to be responsible for the formation of the A≃130 N r⊙ peak. This neutron shell closure acts as the dominating bottle neck in the matter flow of the "main" r-process into the rising wing of the peak -here with N=82 125 Tc to 127 Rh being the main precursor isotopes, decaying to stable 125 Te and 127 I -and to overcome the top of the peak -here with N=82 128 Pd to 130 Cd, decaying to stable 128 Te and 130 Te -before breaking out of the N=82 shell and producing the heavier stable Xe and Ba r-isotopes from their N≥82 progenitors 135 In, 137 Sb and 136,138 Sn. It is worth to be mentioned in this context, that from N=82 129 Ag upwards, all important "waiting-point" isotopes in the A≃130 N r,⊙ peak and beyond are known experimentally by now (see, e.g. [30] ). We can, however, artificially "simulate" a decoupling of the production of I and Ba by assuming a very sharp and complete nucleosynthesis "cut" at an entropy of S=200, a value slightly beyond the maximum production of the top of the N r,⊙ peak. However, as in the classical "waiting-point" approach, also within the present HEW model we find such rigorous assumptions concerning local r-process productions unlikely. Therefore, our HEW-model results do not support the repeated and recently strengthened statements of Qian and Wasserburg [15] , who postulate such a split between their two r-process occurrences "L" and "H" at 129 I.
The heavier elements Eu, Hf and Pt shown in Fig. 4 have been selected for the same reasons as in Fig. 3 of our earlier "waiting-point" study [12] , i.e. for practical spectroscopic determinations in halo stars to be used for r-chronometry. Again, we find from the HEW model calculations that Hf, which on the one hand is closer in Z to Th and U than Eu, and on the other hand is less sensitive to uncertainties in stellar atmospheric parameters than the 3 rd peak elements Os, Ir and Pt, is produced under similarly high-S conditions as the actinides. This supports our earlier conclusions of strenghtening the use of Th/Hf compared to Th/Eu in cosmochronometry studies.
SUMMARY AND CONCLUSIONS
We have performed large-scale, fully dynamical network calculations within a parameterized model of an adiabatically expanding high-entropy wind (HEW) of corecollapse type II supernovae. We find that over a wide range of the three correlated main parameters electron abundance Y e , entropy S and expansion velocity V exp , which determine the ratio of free neutrons to "seed" nuclei Y n /Y seed in terms of a simple "r-process strength function", a surprisingly robust picture is obtained for the production of heavy elements. For the lighter mass region containing elements between Fe and Nb, the dominating nucleosynthesis mode is a low-S (1≤S≤110) α-rich freezeout with S-dependent "seed" nuclei smoothly shifting from β -stability to the neutron-rich side including well-known, short-lived β -delayed neutron precursor isotopes. In this S-range, practically no free neutrons are available to make the 80<A<100 part of the classical "weak" r-process. Rapid neutron-capture nucleosynthesis only starts at higher entropies, where the range 110≤S≤150 produces elements in the range Mo to In under classicalŞweakŤ r-process conditions, whereas for the range 150≤S≤300 a robust "main" r-process between the rising wing of the A≃130 N r,⊙ peak and the actinide region occurs. This HEW model is able to reproduce the overall historical solar-system r-process pattern, as well as all major recent observations from metal-poor halo stars. With high electron abundances (Y e =0.49), in the low-S range not only classical "s-only" isotopes are produced but also p-nuclei in the range 54 Fe up to 106 Cd. In contrast to earlier phenomenological approaches, the HEW model allows to substantially revise the estimates of different primary nucleosynthesis processes in the historical weak s-and r-process region. It has also been able to reproduce -at least semi-quantitatively -the non-correlation, respectively correlation of the lighter elements predominantly formed by charged-particle process components with the heavier true r-process elements, as observed in some halo stars. Therefore, possible detailed model predictions will provide a challenge for further spectroscopic investigations of metal-poor rprocess-enriched halo stars. As far as future model developments are concerned, what still remains to be done is the coupling of the present HEW network code to more realistic trajectories of astrophysical parameters (including neutrino interactions), derived from full hydrodynamical SN II models.
